This paper asks whether the asset pricing fluctuations induced by the presence of costly external finance are empirically plausible. To accomplish this, we incorporate costly external finance into a dynamic stochastic general equilibrium model and explore its implications for the properties of the returns on key financial assets, such as stocks, bonds and risky loans. We find that the mean and volatility of the equity premium, although small, are significantly higher than those in comparable adjustment cost models. However, we also show that these results require a procyclical financing premium, a property that seems at odds with the data.
Introduction
Models of costly external finance have enhanced the empirical performance of dynamic stochastic general equilibrium models. The richer internal propagation and amplification mechanism, induced by the presence of financing frictions, is typically able to replicate the observed hump-shape responses of the main macroeconomic aggregates to the underlying shocks in the economy.
In this paper we investigate the properties of the basic propagation mechanism in models of costly external finance. Specifically, we ask whether the asset pricing fluctuations induced by the presence of financing frictions are empirically plausible. Since the richer dynamics in this class of models are essentially driven by fluctuations in the value of financial assets, our approach provides an important alternative dimension for analyzing the properties of the propagation mechanism.
To accomplish this, we incorporate costly external finance into a specific dynamic stochastic general equilibrium model, developed by Bernanke and Gertler (1989) , and studied in detail by Carlstrom and Fuerst (1997) , and explore its implications for the properties of the returns on the key financial assets, such as stocks, bonds and risky loans. We then compare our findings with those of standard frictionless environments, with and without adjustment costs of investment.
Our findings are as follows. First, models with costly external finance deliver a premium on equity returns that is higher by a factor of 10 to 20, than comparable frictionless models, with or without adjustment costs. While this is still far from matching the observed equity premium, it does improve the performance of the baseline model significantly. Second, while the presence of financing frictions changes the dynamic properties of consumption, and hence of the relevant stochastic discount factor, the main force behind the larger premium is the much larger variations in stock returns in the presence of financing frictions. Third, as in a standard neoclassical model with convex adjustment costs in investment, the amplified fluctuations in stock returns are induced by movements in the price of capital, associated with the changes in the marginal costs to investment. Finally, however, we show that this behavior of marginal costs, which is also at the heart of the business cycle implications of the financing frictions model, requires procyclical movements in the default premium, a property not evident in the data.
The intuition for our results is simple. The empirical success of the costly external finance model lies in part in the fact that, for fixed amount of internal funds, more investment requires more borrowing, which raises monitoring costs and, consequently, the cost of external funds. It is this positive relation between investment and borrowing costs that generates an increase in marginal adjustment costs, and slows down capital accumulation, in the early stages of an expansion, thus making it possible to obtain hump-shaped responses to underlying shocks. However, while this rise in marginal costs helps to generate a large volatility in stock returns, it is necessarily associated with a procyclical rise in the default premium. Thus, the very mechanism behind the realistic movements in the key aggregates is also responsible for the models' shortcoming along the asset pricing dimension.
Our findings highlight the intimate link between the behavior of asset prices and the dynamic pattern of macro-economic aggregates. Accordingly, focusing on asset prices places important restrictions on the nature of the underlying financing frictions. Specifically, in the model studied here, financing constraints help generate richer dynamics for the typical macroeconomic aggregates; however, these constraints also seem to strain the model's ability to match certain key financial data.
The remainder of this paper is organized as follows. Section 2 describes the model. Section 3 contains our quantitative analysis and provides the intuition for many of our results. A final section offers some concluding remarks.
Model
In this section, we describe a general equilibrium model with costly external finance driven by endogenous agency costs. To allow us to investigate the asset pricing implications of this class of models, our setup is chosen to be as close as possible to that in Carlstrom and Fuerst (1997) . This environment takes the stochastic growth model as its point of departure and modifies it by introducing financing constraints that contribute to distort optimal capital accumulation and thus generate a model with a much richer set of dynamics. The economy consists of a continuum of agents with unit mass. The agents are classified as households (fraction 1 − η) and entrepreneurs (fraction η). Entrepreneurs produce capital good and receive their external financing from a financial intermediary. In addition, our economy also includes firms that produce final consumption goods. For simplicity, producers of final goods do not face any financing constraints. We now examine the behavior of each one of these agents.
Households
Households are assumed to be infinitely lived agents with identical preferences represented by the function
where β is the subjective discount factor and c t and l t denote, respectively, household consumption and hours worked, as a fraction of the total time endowment. Households derive income from renting labor and capital services at competitive rates, w t and r t , respectively.
Income can then be used to purchase consumption goods, at unit price, or additional capital, a t+1 , at price q t . Accordingly, the household budget constraint is described by
where δ is the rate of depreciation of capital. It follows that household choices are summarized by the conditions
In the financing frictions literature, the Euler equation is sometimes referred to as the demand for capital goods, or, simply, as investment demand.
Entrepreneurs
A fraction of consumers is also engaged in the production of capital goods. We call these agents entrepreneurs and assume that they have linear preferences characterized by the
where βγ is the entrepreneurs discount rate and c e t denotes entrepreneurial consumption.
Equation (5) embeds two assumptions. First, that entrepreneurs are risk neutral and, second, that they discount the future more heavily than households. Risk neutrality implies that entrepreneurs will care only about expected returns and will ensure that they will bear all risk, which simplifies considerably the financial contract below. The high rate of discount, on the other hand, guarantees that entrepreneurs are never sufficiently wealthy to overcome financing constraints. This requirement is formally equivalent to the more common assumption of exponential death. is too low, the entrepreneur will not be able to repay the loan and must default. This will 1 Wage income ensures that entrepreneurs have strictly positive net worth in all periods, a necessary condition for the financial contracting problem to be well-defined. 2 In other words, no aggregate uncertainty is revealed during the life of the project. As Carlstrom and Fuerst (1997) argue, this facilitates the sharing of risk in equilibrium.
3 Gale and Hellwig (1985) and Williamson (1987) show that in environments of this type the optimal contract between lenders and entrepreneurs is characterized by risky debt. occur whenever
if the entrepreneur defaults the lender will monitor the project outcome and it will confiscate all the returns from the project. It follows that entrepreneurs in default must set their consumption, c e t , and holdings of next period capital, a e t+1 , equal to 0. For a successful entrepreneur however the budget constraint will be:
This implies that optimal decisions will satisfy the Euler equation:
where we define R d = (1 + r l )q ≥ 1 as the premium on external funds paid by the entrepreneur. 
Financial Intermediaries
Intermediaries allocate household savings by financing the investment projects of entrepreneurs. By funding a large number of entrepreneurs, intermediaries diversify projectspecific risk and, thus, guarantee a safe return to households, since there is no aggregate risk during the life of the project.
Given the assumptions above, the expected income of an intermediary that finances a project of size i t with an intra-period loan in the amount of i t − n t is given by
where
is the fraction of the expected net output of capital goods collected by the lender.
The Optimal Financial Contract
At any point in time the expected income received by a typical entrepreneur is
where f (ω t ) is the share of production of capital goods received by entrepreneurs. Note that our definitions imply that f (ω t ) + g(ω t ) = 1 − Φ(ω t )µ, so that a fraction Φ(ω t )µ of the produced capital is lost to monitoring costs.
The optimal financial contract between entrepreneurs and lenders can be summarized by solving the following problem:
Intuitively, the contract is constructed to maximize entrepreneurial income, q t i t f (ω t ), while satisfying the requirement that the financial intermediary receives an expected repayment,
It can be also shown that the contract satisfies a participation constraint for the entrepreneurs's, by guaranteeing a payoff at least as large as the amount of wealth invested, n t .
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The solution to (13) is a lending rate r l t = r l (q t , n t ) for each contract and a default thresholdω t = ω(q t , n t ) such that entrepreneurs default (an lenders audit) whenever ω t <ω t .
With these variables at hand it is straightforward to use (7) to derive the amount of consumption goods investment in each project, i t = i(q t , n t ). Although the exact expressions are somewhat cumbersome it is fairly easy to show that the optimal level of the premium on external funds, R d , is given by
Since monitoring costs, Φ(ω)µ, increase with the default threshold,ω, the payoff to the financial intermediary, g(ω), is less than proportional toω. Hence, R d must always be an increasing function of the default threshold.
These optimal policy functions highlight the fact that the optimal financial contract depends on the model's general equilibrium conditions, through its effects on the level of entrepreneurial net worth, n t , and through the aggregate price of capital, q t . For example, holding net worth fixed, an increase in the price of capital goods increases investment spending, i t , by entrepreneurs and, with it, borrowing requirements, i t − n t . This, in turn, drives the default threshold,ω t , up, as well, and with it, the financing premium. Ceteris paribus, rising net worth lowers borrowing needs and, naturally, has the opposite effects on borrowing costs.
Aggregation
The linear nature of the capital goods and monitoring technologies imply that we can construct the aggregate, expected, production of capital goods by simply adding all the optimal investment policies of each entrepreneur
Equation (15) implies that only the first moment of the distribution of net worth, n t , has any effect on the aggregate economy, thus avoiding the need to keep track of the entire cross-section distribution of net worth across entrepreneurs. Equation (15) is often referred as the supply curve for capital goods. Carlstrom and Fuerst (1997) show that this capital supply function is increasing in both the price of capital goods, q t , and the level of net worth, n t . While the positive slope in q t is a standard feature in models with standard, convex, adjustment costs, the agency problem leads investment to also be increasing in the amount of internal funds available to the entrepreneur. Thus changes in net worth will lead to movements in the supply of capital goods, for a given price q t .
As we will see below, the monotonicity in q t will play an important role in the asset pricing implications of our model. Intuitively this is motivated by the rise in financing costs when investment increases, holding net worth fixed. The corresponding rise in borrowing requirements drives up default rates and agency costs, which increases the marginal costs to investment and thus q t , i.e., the value of existing capital goods.
Final Goods Producers
The final element in our economy is the set of competitive firms engaged in the production of consumption (and investment) goods, Y t , using a constant-return-to-scale production
Here 
Competitive Equilibrium
A competitive equilibrium satisfies the following market clearing conditions
• Labor market
• Capital goods market
• Final goods market
Asset Returns
With the competitive equilibrium characterized it is easy to construct the returns, and prices, of any assets. Specifically, we are interested in characterizing the returns on equity and different types of debt.
Regarding equity we can define two types of assets: household and entrepreneurs' capital.
Given that entrepreneurs hold only a very small fraction of the wealth in the economy we will focus on household capital. 7 The model described above is formally equivalent to one where household capital is owned by final goods producers and where households own stocks on these firms. Hence, in equilibrium, the value of household capital in our current formulation is equivalent to the stock market value of final goods producers in the alternative set-up.
Using the household Euler equation (4) this return can be defined as
In addition, since households face no borrowing constraints they can borrow and lend freely among themselves or directly from the financial intermediaries. It follows that we can use the household's marginal rate of substitution to define the (implicit) risk free rate for this economy as
is the marginal rate of substitution or the stochastic discount factor for this economy.
Results
The quantitative analysis of our model is aimed at examining the asset pricing implications of prototypical agency cost models. Accordingly we first start by calibrating the model and then proceed to solve the model using the well known method of taking a log-linear expansion around the deterministic steady-state. We then document some of the model's more successful implications for the study of business cycle fluctuations. Finally we provide a careful examination of its key implications for asset pricing.
Calibration
Our calibration procedure is designed to facilitate the comparison with the existing quantitative studies on business cycle fluctuations in the context of agency cost models.
Accordingly, our benchmark choices closely replicate those proposed by Carlstrom and Fuerst (1997) . We begin by assuming that the utility function for households is of the form
where the parameter A is picked so that the steady-state level of hours is equal to 0.3. The rate of intertemporal preference is set at β = 0.99. The risk aversion parameter σ is initially set at 1, but we also examine the case where it is equal to 5.
The production of final goods is assumed to be of the Cobb-Douglas form
and the technology shock, θ, follows the mean reverting process
and ε t ∼ N (0, 0.01 2 ). The output elasticities are equal to, respectively α k = 0.36, α h = 0.6399, and α h e = 0.0001. The share needs to be positive so that entrepreneurs have positive net worth with probability one. Nevertheless, the share of entrepreneur labor is deliberately chosen so that labor income plays a very minor role both in determining net worth and income distribution in our model.
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The distribution of investment outcomes, Φ(·) is assume to be lognormal, and the monitoring cost, µ, in our benchmark calibration is set equal to 0.25. 10 For robustness we also examine the results of setting µ = 0.05, the lower bound of most empirical estimates of bankruptcy costs (Warner (1977) ). As in Carlstrom and Fuerst (1997) , the entrepreneurs (additional) rate of discount, γ, is selected to imply an annualized default premium of 187 basis points, the average spread between the prime rate and the rate on 3-month commercial paper for the period between 1971 and 1996. Finally the rate of depreciation of capital equals δ = 0.02.
Business Cycle Results
Agency cost models, and, more generally, models with financing frictions, usually enhance significantly the empirical performance of dynamic stochastic general equilibrium models. 
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As can be seen from Figure 1 , in the presence of agency costs, output, investment, and hours worked exhibit a hump-shape pattern that reflects a delayed response to the shock that is entirely missing in the pure adjustment cost model. It is this more realistic feature 9 Our results are independent of the choice for the share of entrepreneurs in the population, η. 10 Following the results in Altman (1984) , Carlstrom and Fuerst (1997) argue that this is a reasonable estimate of the total (direct and indirect) costs of bankruptcy.
11 Formally adjustment costs are captured by including the term of the model that make for much of its current appeal amongst researchers and provides for a promising source for future studies. The hump shape and delayed investment result in noticeable persistence in the auto-correlation function for output and investment growthfeatures that Cogley and Nason (1995) document are key stylized features in the data, and that the typical real-business cycle model has great difficulty replicating.
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Essentially, the intuition behind this result has to do with the fact, much like in an environment with convex adjustment costs, the increase in investment, induced by a positive technology shock, brings about an increase in the marginal cost of investment. This increase in marginal costs is a consequence of the increase in agency costs. Since almost all of entrepreneurial net worth comes from capital, which is initially fixed, the increase in investment must be almost entirely financed with external funds, which raises borrowing costs. After the initial periods, as entrepreneurial capital, and with it net worth, rises, the role of external finance declines and so do the marginal costs of investing. It is the endogenous pattern of net worth that leads to an endogenous adjustment in marginal costs, and hence to the hump-shaped response of the main macro aggregates. This feature is absent in most simple adjustment cost models.
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Finally, this improvement in conditional moments does not compromise the model's ability to replicate the standard business cycle facts. Table 1 illustrates this by comparing 12 Although these results apply to the theoretical variables defined above they are not exactly comparable with the actual US data. We can obtain more meaningful comparisons by combining the equilibrium conditions for both goods markets to obtain
is investment spending and the monitoring cost term, Y f t = i(q t , n t )µΦ(ω t ), can be interpreted as the output of financial services, so that Y t + Y f t denotes the total value of goods and services produced in this artificial economy. These series can then be mapped to the standard macro aggregates. Given our focus on asset prices, to maintain comparability with the existing literature, we do not pursue this issue here. 13 Boldrin, Christiano and Fisher (2001) examine an environment where the reallocation of goods to the investment sector takes one period, which also implies that adjustment costs are very high initially.
key unconditional moments generated from the model's stationary distribution with those obtained from a standard quadratic adjustment cost model. Given their identical steadystate implications, the close match in the volatilities of the key macroeconomic variables allows us to proceed by focusing on their asset pricing implications.
Asset Returns Implications
As we have seen, the empirical success of the model depends crucially on the behavior of the marginal cost of investment during the adjustment of the economy to the underlying shocks.
However, the nature of these adjustment costs is closely linked to the presence of agency costs and the behavior of key financial variables. Thus, it seems important to ask whether the fluctuations in marginal adjustment costs, that form the basic propagation mechanism in these models, is empirically plausible. Specifically, in this section, we investigate how the key asset pricing implications of the stochastic growth model change in the presence of costly external finance. Table 2 shows the basic properties of asset returns in our costly external finance environment. For comparison purposes we also provide the results for a standard neoclassic growth model with and without adjustment costs. In all scenarios we consider the effects of increasing the risk aversion coefficient, σ, from the benchmark value of 1 to 5. In addition, we also examine the effects of alternative degrees of both financing and standard adjustment costs to investment. Financing costs can be regulated by adjusting the level of monitoring costs, µ.
As is now well known, increases in risk aversion work to raise the equity premium, by raising the volatility for the stochastic discount factor, M t,t+1 . This is true in all cases examined in Table 2 . Moreover, since our model does not allow for any trend in consumption, the higher volatility in the stochastic discount factor also produces a lower level for the risk free rate, R Table 2 shows, however, that introducing costly external finance increases the value of the premium on equity returns by a factor of about 11 relative to the convex adjustment cost scenario -which is about twice that of the standard real business cycle model.
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A more detailed examination is provided in Table 3 . It shows the basic properties of the pricing kernel and stock returns under several different scenarios. While standard "physical" adjustment costs generate higher equity premium by raising the volatility of consumption growth and returns in similar proportions, the effects of financing costs are quite different.
Clearly the presence of costly external finance further increases the volatility of the pricing kernel, above and beyond the level generated by standard adjustment costs. Nevertheless, the principal mechanism through which the model raises the equity premium, is by raising the variance (although not the Sharpe ratio) of stock returns significantly. Table 3 also provides information on the behavior of the premium on external finance,
. Recall that this premium is only relevant for entrepreneurial loans and is thus not priced by the households stochastic discount factor, M t,t+1 . Regardless, as Table 3 suggests, this financing premium behaves very much like the returns on stocks in this model. Table 4 provides more detailed decomposition on the role of each of these changes on the level of equity premium. Taking as a benchmark the basic stochastic growth model, the second line in the Table reports the value of the equity premium due to the introduction of standard convex adjustment costs. The remaining rows look into the role of financing frictions. First, we try to isolate the role of the pricing kernel, by computing the theoretical value of the equity premium in a world where the marginal rate of substitution, M t,t+1 , reflects the presence of financing constraints, but where stock returns are still those of an economy with physical adjustment costs. As can be seen, this effect alone roughly doubles the value of the equity premium to about 6 basis points. Nevertheless this value is far smaller than the actual premium generated in the agency cost economy.
The next to last row tries to isolate the effects of the financing premium, R d , on stock returns, R k . This row reports the hypothetical value of the equity premium, when the default premium is not allowed to change over the cycle.
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The results show that without the variation in the financing premium, the equity premium actually disappears! In other words, it is only due to the cyclical nature of the premium on external funds, that the financing cost model is capable of improving the asset pricing performance of the neoclassical growth model. As we will see below, however, these cyclical properties of the financing premium do not seem to be supported by the data. 
The Role of the Financing Premium
Given the intimate link between equity and financing premiums, we now take a closer look at the latter. Figure 2 shows the impulse responses of the main financial variables, following a positive innovation to the level of technology. Shown are the response of stock returns, 15 Specifically, it reports the excess stock returns, relative to risky loans, from the perspective of households. This premium provides a measure of the component of stock returns not directly linked to fluctuations in the financing premium. 16 More formally, in this model both R d and R k share a common risk factor. Our results show that the compensation for the risks driving the financing premium is almost identical to that for stocks. Hence, the premium on stocks not linked to changes in the financing premium is quite small.
R
k , the default premium, R d , and its main determinants, the value of Tobin's q, and the investment to net worth ratio i/n.
Except for magnitude, the response of the stock return resembles that obtained in the standard convex adjustment cost model. It essentially traces the movements in the marginal productivity of capital. In the presence of rising marginal costs to investment this response is significantly amplified by the increase in the price of capital goods, q. As discussed in section 2.4, in the context of our financing cost model, this rising marginal cost is due to an increase in borrowing costs. As entrepreneurs increase their indebtedness to finance new investment, the default threshold rises and, from equation (14), this leads to a higher premium on external funds. It follows that the strong response of stock returns in the agency cost model can only be obtained with a strong increase of the default premium in periods of economic expansion.
Moreover, as Table 4 has shown, without this procyclical behavior of the financing premium the agency cost model is unable to produce a positive equity premium. 
Asset Returns and Pricing Factors
An alternative way to understand the asset pricing implications of the model is to look at the link between stock prices and business cycle indicators. In particular, there is an extensive literature documenting that stock returns lead the cycle (for example, Fama and Gibbons (1982) and Cochrane (1991) ). To accomplish this we can rewrite equation (24) as
Equation (26) shows that the dynamics of the stock return in our economy are completely driven by three aggregate, or macroeconomic, factors: productivity, MP K, the investment to capital ratio, i/K, and the net worth to capital, n/K. Accordingly, Figure 3 shape. Regarding the productivity correlations, the adjustment costs model still produces correlations that are too large, but their dynamic pattern seems to be better aligned with the data. The correlations of the financing costs, however, has a pronounced V -shape that is not present in the data. Figure 4 confirms that these findings are quite robust to alternative choices for the adjustment and financing costs parameters.
Finally, Figure 5 reveals the mechanism that governs the dynamic pattern of these correlations. Panels A and B compare the financing premium in the model with an empirical measure of the premium on external funds -the default premium defined as the spread between Baa and Aaa bonds. As we have documented above, the model implies that 18 Naturally, since R k is independent of all financing variables in the standard convex adjustment cost model, all correlations with n/K are zero.
the behavior of the financing premium is strongly pro-cyclical, while in both panels, the empirical default premia seems quite countercyclical. Figure 6 reports the same results for the case where the default premium is measured as the spread between the prime rate and the rate on 3-month commercial paper. Here too the observed default premium is clearly countercyclical. Finally, Figure 7 19 While these measures have somewhat different properties, it is clear that they are both slightly countercyclical, or at best, fairly acyclical.
Conclusions
In this paper we analyzed the asset pricing properties of business cycle models that focus on costly external finance to improve the internal propagation mechanism in standard business cycle models. As we document in the text, this class of models has more realistic business cycle properties, particularly with respect to the cyclical pattern of the key macroeconomic variables. In particular, the richer endogenous dynamics allow these models to match the observed hump-shape response of many aggregate quantities to the underlying shocks.
The asset pricing implications of these models however are not as well understood. We show that, much like the dynamics of the key macro aggregates, they seem to be driven by the properties of the premium on external funds. The behavior of this financing premium maps almost exactly into the properties of the returns to capital, and, as a result, contributes to produce equity premiums that are both larger and more volatile, than those in comparable 19 The common factor in Lamont, Polk, and Saa-Requejo (2002) is the return spread of financially constrained firms over less constrained firms, quantified using the methodology of Kaplan and Zingales (1997) . Vassalou and Xing (2002) estimate default likelihood indicators for individual firms following the methodology of Merton (1974) . The aggregate default likelihood measure is then defined as a simple average of the default likelihood indicators of all firms.
convex adjustment cost models. While both of these properties are also significant and desirable improvements over the standard neoclassical model, they are almost entirely driven by a strongly procyclical financing premium -a feature that is at odds with the data. Intuitively, the problem is the positive association between investment and borrowing costs, also the crucial element in generating the hump-shaped response of the main macro variables. As a consequence, periods of high productivity (and returns) are also periods of high investment, borrowing requirements and, as a consequence, high borrowing costs.
The results in this paper cast some doubts on the use of models with costly external finance to explain the observed movements in aggregate variables, More importantly, however, our analysis provides an important new dimension to investigate the empirical success of alternative models of financing frictions. Thus, our approach could be used to distinguish between competing theories of the source of financing constraints, or to motivate the introduction of additional features such as multiperiod debt, time to build (or to finance) and time variation in conditional default probabilities. 
